ABSTRACT The kissing bug Triatoma rubida (Uhler, 1894) is found in southwestern United States and parts of Mexico where it is found infected with Trypanosoma cruzi, invades human dwellings and causes allergies from their bites. Although the protein salivary composition of several triatomine species is known, not a single salivary protein sequence is known from T. rubida. Furthermore, the salivary diversity of related hematophagous arthropods is very large probably because of the immune pressure from their hosts. Here we report the sialotranscriptome analysis of T. rubida based on the assembly of 1,820 high-quality expressed sequence tags, 51% of which code for putative secreted peptides, including lipocalins, members of the antigen Þve family, apyrase, hemolysin, and trialysin families. Interestingly, T. rubida lipocalins are at best 40% identical in primary sequence to those of T. protracta, a kissing bug that overlaps its range with T. rubida, indicating the diversity of the salivary lipocalins among species of the same hematophagous genus. We additionally found several expressed sequence tags coding for proteins of clear Trypanosoma spp. origin. This work contributes to the future development of markers of human and pet exposure to T. rubida and to the possible development of desensitization therapies. Supp. Data 1 and 2(online only) of the transcriptome and deducted protein sequences can be obtained from http://exon.niaid.nih.gov/transcriptome/Trubida/Triru-S1-web. xlsx and http://exon.niaid.nih.gov/transcriptome/Trubida/Triru-S2-web.xlsx.
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Triatomine bugs, commonly known as kissing bugs, are prevalent in the Americas where they are the sole vectors of Chagas disease, a disabling and often fatal disease, with 7.7 million people infected and an annual incidence (through vectorial transmission) of 42,500 (PanÐAmerican Health Organization 2006) . In southwest United States, kissing bugs are the cause of allergic reactions in humans and animals (Wolf 1969 , Pinnas et al. 1986 , Moncayo and Ortiz Yanine 2006 , Milei et al. 2009 , Tanowitz et al. 2009 ). In the southwestern and western United States infected bugs are found mostly in sylvatic habitats (Wood 1942 (Wood , 1943 Wood and Wood 1961; Kjos et al. 2008 Kjos et al. , 2009 Reisenman et al. 2010; Bern et al. 2011) , where they are involved in the sylvatic transmission cycle of Trypanosoma cruzi, the causative agent of Chagas disease, to mammals such as packrats, mice, armadillos, raccoons, opossums, and dogs (Packchanian 1942 , Ryckman 1986 , Kjos et al. 2008 , Beard et al. 2003 , Brown et al. 2010 . Only seven autochthonous cases of human Chagas Disease have been reported in the United States, all in the southern half of the country (Woody and Woody 1955 , Schifßer et al. 1984 , Ochs et al. 1996 , Herwaldt et al. 2000 , Dorn et al. 2007 , Bern et al. 2011 . The suburbanization of America has led humans to increased contact with nature, including kissing bugs. In Arizona and California this contact is causing triatomines to infest human dwellings and in causing mild to severe allergic reactions, including anaphylaxis, to triatomine bites (Wolf 1969 , Marshall et al. 1986 , Pinnas et al. 1986 , MofÞtt et al. 2003 , Klotz et al. 2010 . Although it has long been assumed that vectorial transmission of Chagas disease is rare in the United States because the native species of triatomines have long defecation delays, a recent study in Triatoma rubida (Uhler, 1894) (the most prevalent triatomine species in southern Arizona) showed that defecation during feeding was highly frequent in females (Reisenman et al. 2011) . Transmission of T. cruzi in wild cycles additionally involves the congenital route and the ingestion of infected bugs by mammalian reservoirs and dogs (Barr 2009 , Roellig et al. 2009 , Yoshida 2009 , Bern et al. 2011 .
Two main triatomines, T. rubida and T. protracta (Uhler, 1894) have been reported as causing human allergies in the southwestern and western United States (Marshall 1982 , Marshall and Street 1982 , Marshall et al. 1986 , Pinnas et al. 1986 . T. rubida belongs to the rubrofasciata species complex, while T. protracta belongs to the protracta species complex (Ibarra-Cerdena et al. 2009 ). Both species are found in California, Arizona, New Mexico, Texas, and some northern Mexico states (Pfeiler et al. 2006 , Sarkar et al. 2010 . Arizona is noteworthy as the state with the highest number of triatomine-human contacts reported in the United States (sources: American Association of Poison Control Centers; Arizona Poison and Drug Information Center, University of Arizona Health Sciences Center) and most contacts with T. rubida. While some antigens have been characterized and cloned from T. protracta (Paddock et al. 2001) , none have been identiÞed from T. rubida. Moreover, serum of people allergic to T. rubida does not recognize a recombinant antigen, named procalin, which is recognized by the serum of people allergic to T. protracta bites (Marshall et al. 1986 , Pinnas et al. 1986 , emphasizing the antigenic diversity in the saliva of related triatomine insect species.
Saliva of blood feeding insects have a repertoire of antiplatelet, vasodilatory, anticlotting, anti-inßamma-tory, and immunomodulatory compounds (Ribeiro 1995) . Recent studies on salivary gland transcriptomes of hematophagous insects are revealing that saliva of these insects may contain hundreds of proteins, most of which are members of multi gene families. Many of these families are novel, in the sense that they are only found so far in sialomes of particular insect species or genus, and have unknown function. This molecular diversity is proposed to derive from the fast evolution (including gene duplication and divergence of function) of the salivary genes as a result of the immune pressure from their hosts, which can either inhibit protein function, or induce defensive behavior from their hosts that might interrupt feeding or lead to death of the insect Neitz 2004, Ribeiro and Arca 2009) . In this article, we describe the sialome (from the Greek sialo ϭ saliva) of T. rubida aiming to help identiÞcation of salivary antigens that might be useful in the diagnosis and treatment of T. rubida allergy, and that might be used as epidemiological markers of T. rubida exposure in humans and their pets.
Materials and Methods
The methodology used was essentially identical to our previous transcriptomes, such as in Dipetalogaster maxima (Assumpc ão et al. 2011) and is reproduced here with small modiÞcations.
T. rubida and Salivary Glands cDNA Library Construction. Adult T. rubida were collected from the Þeld and fed with bovine blood supplemented with ATP using an artiÞcial feeder as described previously (Reisenman et al. 2011) . Insects were starved for 2 wk before salivary glands (SG) were dissected and extracted. SG mRNA was isolated from a total of 22 main and 13 accessory glands obtained from 12 insects using the Micro-FastTrack mRNA isolation kit (Invitrogen, San Diego, CA). The polymerase chain reaction (PCR)-based cDNA library was made following the instructions for the SMART (switching mechanism at 5Ј end of RNA transcript) cDNA library construction kit (Clontech, Palo Alto, CA). This kit provides a method for producing high-quality, full-length cDNA libraries from nanogram quantities of polyAϩ or total RNA. It uses a specially designed oligonucleotide named SMART IV in the Þrst-strand synthesis to generate high yields of full-length, double-stranded cDNA. T. rubida SG polyAϩ RNA was used for reverse transcription to cDNA using Moloney murine leukemia virus reverse transcriptase (Clontech), SMART IV oligonucleotide, and CDS III/3Ј primer (Clontech). Trehalose was added to the reaction that was carried out at 60ЊC for 1 h, then at 42ЊC for 40 min. Second-strand synthesis was performed according to a long-distance PCR-based protocol using the 5Ј PCR primer and CDS III/3Ј primer as sense and antisense primers, respectively. These two primers also create Sfi1A and B restriction enzyme sites at the end of the cDNA. Advantage Taq polymerase mix (Clontech) was used to carry out a long-distance PCR reaction on a GeneAmp PCR system 9700 (Perkin Elmer Corp., Foster City, CA). The PCR conditions were: 95ЊC for 1 min; 18 cycles of 95ЊC for 15 s, 68ЊC for 6 min. An aliquot of the cDNA was analyzed on a 1.1% agarose/ EtBr (0.1 g/ml) gel to check for the quality and range of the synthesized cDNA. Double-stranded cDNA was immediately treated with proteinase K (0.8 g/l) at 45ЊC for 20 min and washed three times with water using Amicon Þlters with a 100-kDa cutoff (Millipore, Bedford, MA). The puriÞed double-stranded cDNA was then digested with SfiI restriction enzyme at 50ЊC for 2 h followed by size fractionation on a ChromaSpinÐ 400 drip column (Clontech). The proÞles of the fractions were checked on a 1.1% agarose/EtBr (0.1 g/ml), and fractions containing cDNA were pooled in three different groups according to size: large, medium, or small sequences. Each group was concentrated and washed three times with water using an Amicon Þlter with a 100-kDa cutoff. Concentrated cDNA was then ligated into a TriplEx2 vector (Clontech), and the resulting ligation mixture was packaged using GigaPack Gold III Plus packaging extract (Agilent Technologies, Santa Clara, CA) according to the manufacturerÕs instructions. The packaged library was plated by infecting log-phase XL1-Blue Escherichia coli cells (Clontech). The percentage of recombinant clones was determined by blueÐwhite selection screening on LB/MgSO 4 plates containing X-gal/ IPTG.
Sequencing of the cDNA Library. The SG cDNA library was plated on LB/MgSO 4 plates containing X-gal/IPTG to an average of 250 plaques per 150-mm petri plate. Recombinant (white) plaques were randomly picked up and transferred to 96-well MicroTest U-bottom plates (BD BioScience, San José , CA) containing 75 l of H 2 O per well. The phage suspension was either immediately used for PCR or stored at 4ЊC until use.
To amplify the cDNA using a PCR reaction, 4 l of the phage sample were used as a template. The primers were sequences from the TriplEx2 vector and named PT2F1 (5Ј-AAG TACTCTAGCAATTGTGAGC-3Ј) and PT2R1 (5Ј-CTCTTCGCTATTACGCCAGCTG-3Ј), positioned at the 5Ј and 3Ј end of the cDNA insert, respectively. The reaction was carried out in MicroAmp 96-well PCR plates (Applied Biosystems, Inc., Fullerton, CA) using FastStart PCR Master (Roche Molecular Biochemicals, Indianapolis, IN) on a GeneAmp PCR system 9700 (Perkin Elmer Corp.). The PCR conditions were: one hold of 75ЊC for 3 min, one hold of 94ЊC for 4 min, 30 cycles of 94ЊC for 1 min, 49ЊC for 1 min, and 72ЊC for 1 min 20 s. The ampliÞed products were analyzed on a 1.2% agarose/EtBr gel. cDNA library clones (1,880 clones) were PCR ampliÞed, and those showing a single band were selected for sequencing. The PCR products were used as a template for a cycle-sequencing reaction using a DTCS labeling kit (Beckman Coulter, Fullerton, CA). The primer used for sequencing (PT2F3) is upstream of the inserted cDNA and downstream of the PT2F1 primer. The sequencing reaction was performed on a Perkin Elmer 9700 thermocycler. Conditions were one hold of 75ЊC for 2 min, one hold of 94ЊC for 4 min, and 30 cycles of 96ЊC for 20 s, 50ЊC for 20 s, and 60ЊC for 4 min. After cycle-sequencing the samples, a cleaning step was performed using the multiscreen 96-well plate cleaning system (Millipore). The 96-well multiscreening plate was prepared by adding a Þxed amount (manufacturerÕs speciÞcation) of Sephadex-50 (Amersham Pharmacia Biotech, Piscataway, NJ) and 300 l of deionized water. After partially drying the Sephadex in the multiscreen plate, the entire cycle-sequencing reaction was added to the center of each well, centrifuged at 580 ϫ g for 5 min, and the clean sample was collected on a sequencing microtiter plate (Beckman Coulter). The plate was then dried on a Speed-Vac SC110 model with a microtiter plate holder (Savant Instruments Inc., Holbrook, NY). Dried samples were immediately resuspended with 25 l of formamide, and one drop of mineral oil was added to the top of each sample. Samples were either sequenced immediately on a CEQ 2000 DNA sequencing instrument (Beckman Coulter) or stored at Ϫ30ЊC. In total, 1,820 cDNA library clones was sequenced.
Bioinformatic Tools and Procedures. Expressed sequence tags (ESTs) were trimmed of primer and vector sequences, clusterized, and compared with other databases as previously described (Valenzuela et al. 2003) . The BLAST tool (Altschul and Gish 1996), CAP3 assembler (Huang and Madan 1999) , ClustalW (Thompson et al. 1994) , and TreeView software (Page 1996) were used to compare, assemble, and align sequences and to visualize alignments. For functional annotation of the transcripts, we used blastx (Altschul et al. 1997) to compare the nucleotide sequences with the nonredundant (NR) protein database of the National Center of Biological Information (NCBI) and to the Gene Ontology (GO) database (Ashburner et al. 2000) . Rpsblast (Schaffer et al. 2001 ) was used to search for conserved protein domains in the Pfam (Bateman et al. 2000) , Smart (Letunic et al. 2002) , Kog (Tatusov et al. 2003) , and conserved domains (CDD) databases (Marchler-Bauer et al. 2002) . We also compared the transcripts with other subsets of mitochondrial and rRNA nucleotide sequences. Segments of the three-frame translations of the EST (because the libraries were unidirectional, we did not use six-frame translations) starting with a methionine in the Þrst 100 predicted aaÑ or the predicted protein translation, in the case of complete coding sequencesÑwere submitted to the SignalP server (Nielsen et al. 1997 ) to help identify translation products that could be secreted. O-glycosylation sites on the proteins were predicted with the program NetOGlyc (http://www.cbs. dtu.dk/services/ NetOGlyc/) (Hansen et al. 1998) . Glycosylphosphatidylinositol anchors were detected with the PredGPI anchor predictor (Pierleoni et al. 2008) . Functional annotation of the transcripts was based on all the comparisons above. Following inspection of all results, transcripts were classiÞed as either secretory (S), housekeeping (H), or of unknown (UK) function, with further subdivisions based on function and/or protein families. Sequence alignments were done with the ClustalX software package (Thompson et al. 1997) . Phylogenetic analysis and statistical neighbor-joining bootstrap tests (10,000 iterations) of the phylogenies were performed with the Mega package (Kumar et al. 2004) . Hyperlinked Excel spreadsheets of the assembled ESTs and of the salivary protein database are supplied as Supp. Data 1 and 2 (online only).
The EST sequences from this work were deposited with DBEST under accession numbers JK627586-JK629435. Coding and protein sequences were deposited in GenBank under accession numbers JP593052-JP593144 and bioproject ID PRJNA74603 accessible at http://www.ncbi.nlm.nih.gov/bioproject/74603.
Statistical Analysis. The Chi-square test was used to compare frequencies of ESTs among different functional classes between different triatomine sialotranscriptomes. The calculations were performed using standard functions from the Excel spreadsheet program (Supp. Data S1 [online only]).
Results and Discussion
Assembly of 1,820 cDNA sequences from the salivary cDNA library of T. rubida allowed for identiÞ-cation of 657 contigs including 527 singletons (Supp. Data 1 [online only]). These contigs were classiÞed, based on the several blast and rpsblst comparisons to various databases, as being of S, H , or UK class. Additionally, we have found one sequence matching transposable elements, and 13 ESTs matching proteins very similar to those from trypanosomes (Table 1) . Nearly half of the ESTs (51.2%) were from the S class, but it represented only 14% of the contigs because this class had on average 10 ESTs per contig, while the H class had 26% of the ESTs and 28.5% of the contigs, with 2.6 ESTs/contig. The unknown class represented 55% of the contigs, but 22% of the ESTs, with 1.1 ESTs per contig (Table 1 ; Fig. 1 ).
Functional classiÞcation of the housekeeping contigs indicate that the majority are attached to the protein synthesis machinery, energy metabolism, oxidant metabolism, signal transduction associated with apoptosis and protein modiÞcation machinery (Table   May 2012 RIBEIRO ET AL.: THE SIALOME OF T. rubida2). These results are typical of previous sialotranscriptomes of blood sucking arthropods, except for the relatively high representation of oxidant metabolism ahead of the protein modiÞcation/export machineries. The somewhat surprising increase in the oxidant metabolism/detoxiÞcation is associated with a relatively large number of ESTs coding for members of the cytochrome P450 family, which is involved in detoxiÞcation, including insecticide detoxiÞcation, but also in the genesis of prostaglandins, lipid derivatives of arachidonic acid (Simpson 1997 , Spector et al. 2004 . Of interest, the contig Triru-contig_83 was assembled from 18 ESTs and produces a best match tin the GO database to Cyp6a13 from Drosophila melanogaster (Ensor and Tai 1995) and could be modulating the levels of these eicosanoids in T. rubida. It is possible that prostaglandins are involved in secretion control of Triatoma saliva, as they are in ticks (Qian et al. 1997 (Qian et al. , 1998 Yuan et al. 2000) , or that prostaglandins may be actually a mediator found in Triatoma saliva, as it is in ticks where they are main salivary vasodilators and host skin immunomodulators (Dickinson et al. 1976 , Higgs et al. 1976 , Ribeiro et al. 1988 , Sa-Nunes et al. 2007 , Oliveira et al. 2011 .
The analysis of transcripts of the S class indicates that the majority code for members of the lipocalin family (Ϸ90% of ESTs and contigs) with members of the Triabin family representing the majority of the lipocalins. Other represented families, such as antigen-5, Cral-Trio, Trialysin, hemolysin, and apyrase are commonly found in the triatomine transcriptomes done so far (Ribeiro et al. 2004; Santos et al. 2007 , Assumpc ão et al. 2008 Kato et al. 2010) . Coding sequences (CDS) were extracted from the contigs from Supp. Data 1 (online only) to generate Supp. Data 2 (online only), from where protein sequences can be retrieved for comparisons of T. rubida salivary proteins with those of other triatomines. What follows is a more detailed analysis of the deduced proteins of the S class (Table 3) .
Lipocalins. The lipocalin family is widespread in prokaryotes and eukaryotes where no primary amino acid sequence alone can identify all family members, but all have a quite conserved barrel structure with hydrophobic amino acids lining its interior. This hydrophobic cavity can carry hydrophobic molecules such as lipids, thus explaining the familyÕs name that means "cup of lipid" (Flower et al. 1993 (Flower et al. , 2000 Andersen et al. 2005) . In blood sucking arthropods, this family is widely represented in ticks and triatomine bugs, each species having dozens of genes. This family has various functions, associated with its binding ability, or by the lateral side chains that might interact with host proteins. For example, in the kissing bug Rhodnius prolixus Stahl at least six different lipocalins (named nitrophorins) bind nitric oxide (NO) through a heme moiety and deliver this vasodilator and platelet aggregation inhibitor to their hostÕs skin (Champagne et al. 1995a , Andersen and Montfort 2000, Moreira et al. 2003) . These NO carriers are not found in other triatomines . Rhodnius lipocalins are involved in scavenging of biogenic amines such as serotonin and histamine (involved in platelet aggregation, vasoconstriction and itching) (Ribeiro and (Francischetti et al. 2000 (Francischetti et al. , 2002 . Dipetalogaster maxima lipocalin named dipetalodipin sequesters thromboxane A 2 (vasoconstrictor and platelet aggregation agonist) and other lipid agonists (Assumpc ão et al. 2010) Side chains of these proteins are involved in inhibition of clotting by R. prolixus nitrophorin 2 , Zhang et al. 1998 ) and triabin from T. pallidipenis Stahl (Noeske-Jungblut et al. 1995) ; inhibition of complement function has been attributed to a tick lipocalin (Nunn et al. 2005) .
The sialotranscriptome of T. rubida reveals over 50 protein sequences that were assembled with two or more ESTs that may represent expression by different genes as well as alleles of the same gene. Ten of these deduced protein sequences are larger than 100 aa and have at least 10% amino acid difference from their nearest sequence, and thus could result from 10 different genes. Alignment of these 10 sequences with their homologues obtained by blastp matches to the nonredundant protein database from NCBI (NR database) with an e value Ͻ1e-4 shows the complexity of this protein family in the triatomines (Supp. Fig. 1 [online only]). Thirteen clades are observed with T. rubida lipocalins being represented in clades I, III, VI, and XI, this last clade being the most abundant, where six T. rubida lipocalins are found within three sub clades (Supp. Fig. 1 [online only] ). The most abundantly expressed lipocalin from T. rubida, named Triru-10 on Supp. Data 2 (online only), has only 39% identity to T. protracta procalin (Paddock et al. 2001) , the main allergen identiÞed for this bug. No other T. rubida lipocalin has over 40% identity to procalin (Supp. Data 2 [online only]). Triru-56 is the T. rubida lipocalin most similar to triabin, the antithrombin of T. pallidipenis but it has only 26% sequence identity over 99% of the triabin sequence. These divergences underscore the proposal that salivary proteins of blood sucking arthropods are under a very fast pace of evolution.
Antigen 5. This protein family is also ubiquitous and has been associated with diverse functions, including snake and lizard venoms (Mochca-Morales et al. 1990 , Nobile et al. 1996 , Yamazaki and Morita 2004 , but most have not been characterized functionally. It is found abundantly in diverse gland secretions, such as in vespid venoms, from where the name antigen-5 derives (Hoffman 1993) . It is part of the CAP superfamily of proteins that derives its name from the previously deÞned CRISP (for cysteine rich secretory proteins), antigen-5 and plant pathogen related proteins (Gibbs et al. 2008 ). The sialotranscriptome of T. rubida reveals several members of this family, but all retrieved clones are 5Ј-truncated. Two fragments with Ͼ170 aa were assembled from 39 and 10 ESTs, both covering near 70% of the length of their T. dimidiata homologue, with 58% identity.
Apyrase. Apyrases are enzymes that hydrolyze ATP and ADP to AMP thus destroying agonists of platelet and neutrophil aggregation (Francischetti 2010) . These enzymes are commonly found in the saliva of blood sucking animals. As is typical of convergent evolution, different protein families with such activity have been recruited to fulÞll this role in blood feeding.
In the genus Triatoma, as in mosquitoes and ticks, members of the 5Ј-nucleotidase family have been recruited for this purpose (Champagne et al. 1995b , Faudry et al. 2004 , Stutzer et al. 2009 ). In sand ßies and bed bugs, and possibly in Rhodnius, the Cimex type of apyrase is expressed in saliva (Valenzuela et al. 1998 (Valenzuela et al. , 2001 ) while ßeas have opted for the CD39 family (Andersen et al. 2007 ). Most 5Ј nucleotidases are extracellular enzymes typically bound to the cell membrane through a glycosylphosphatidylinositol anchor located in the carboxyterminus domain. Salivary apyrases, though, have a mutated carboxyterminus that do not support the anchor function and these enzymes are thus secreted. We found a single EST in the sialotranscriptome of T. rubida coding for a 5Ј-nucleotidase family member, which matches the Þnal 70 aa carboxyterminus of T. infestans apyrase, with 42% identity. When submitted to the PredGPI server (Pierleoni et al. 2008 ), the T. infestans protein is not predicted to have a GPI anchor, as expected. When substituting the last 70 aa of the T. infestans protein with the T. rubida sequence, the same server does not indicate an anchor, but substituting the last 70 aa of the T. infestans protein with the last 70 aa from the rat 5Ј nucleotidase (NCBI accession gi 148747417) a weak probable anchor is predicted, suggesting the T. rubida fragment to be the carboxyterminus of the putative salivary apyrase. The Þnding of a single apyrase EST in the T. rubida sialotranscriptome may indicate a low expression of this enzyme in the saliva of this triatomine species, which was never measured thus far. Cral-Trio. Proteins with this domain were previously found in the sialotranscriptome of T. matogrossensis (gi 307095144) (Assumpc ão et al. 2012 ). This domain is typical of secreted proteins that carry lipids, such as the phosphatidylinositol-transfer protein of Saccharomyces cerevisae (Sha et al. 1998 ). Its function in blood feeding is unknown, but potentially could be associated to binding lipid agonists of inßammation and hemostasis.
Hemolysin Family. This family is uniquely found in sialotranscriptomes of triatomines. Its function is unknown. Triru-412 codes for a truncated protein matching a T. matogrossensis of the same family.
Trialysin Family. Trialysin is a salivary antimicrobial protein described from T. infestans (Amino et al. 2001b , Martins et al. 2006 . Similar proteins are exclusively found on the genus Triatoma (Santos et al. 2007 , Assumpc ão et al. 2008 Comparisons of EST Abundance by Protein Family Among Different Triatomine Species. Saliva of blood sucking arthropods is a complex mixture of compounds that act against a complex set of host reactions including hemostasis, inßammation, and immunity. Because of the fast evolution of the salivary potion of hematophagous arthropods, it can be interesting to compare how each species solves the problem of dosing each available protein family in its sialome. Comparisons between the main salivary secreted proteins families among triatomine sialotranscriptomes (Table  4) shows that T. rubida is somewhat unique among three other Triatoma transcriptomes in having a relatively high expression of antigen-5 transcripts, accounting for 7.8% of the ESTs associated with secretory products. In this regard the proÞle is more similar to that of D. maxima, where this family represents 4.8% of the transcriptome, with 67 ESTs found. In T. rubida 73 ESTs were found coding for Ag-5 proteins, compared with seven in T. matogrossensis, one in T. brasiliensis, and 13 in T. infestans. These differences are signiÞcant when compared by a Chi-square test (P Ͻ 0.001). Most transcriptomes listed in Table 4 have Ͼ90% of the transcripts associated with lipocalin expression, except for T. infestans (55%) and T. matogrossensis (76.4%). These differences are also highly signiÞcant when compared by a Chi-square test (P Ͻ 0.001). These two Triatoma species have, however, higher than average expression of transcripts coding for proteins containing the Kazal domain of protease inhibitors (Rimphanitchayakit and Tassanakajon 2010) , which are absent in T. rubida, Dipetalogaster, and Rhodnius. These are also highly signiÞcant differences (P Ͻ 0.001). T. infestans is also uncommon in having a rela- tively high expression of the triatomine hemolysin and trialysin families, these two families representing 15% of the ESTs associated with secretory products within the T. infestans sialotranscriptome (both comparisons are also highly signiÞcantly different, P Ͻ 0.001). Among the enzymes, T. brasiliensis is unique in having 29 ESTs coding for serine proteases, while only two were found in T. infestans and none in the remaining sialotranscriptomes (P Ͻ 0.001, excluding R. prolixus and T. infestans because their expected numbers were Ͻ5). These Triatoma serine proteases may be associated with the relatively potent activity, named triapsin, reported in the saliva of T. infestans (Amino et al. 2001a) . Transcripts coding for inositol phosphatase are also missing in the T. rubida sialotranscriptome, while 5, 11, 4, and 34 transcripts were found for R. prolixus, T. infestans, T. brasiliensis, and T. matogrossensis, respectively (P Ͻ 0.001). To the extent that these differences in EST expression determine differences in the amounts of protein expression, the results indicate a quite variable composition of the salivary potion for each individual species.
We have found 13 ESTs in the T. rubida sialotranscriptome that produce their best matches to T. cruzi proteins. These are mostly singletons, except for a contig assembled from two ESTs coding for a protein with 39% identity to a T. cruzi protein annotated as GTPase activating protein of Rab-like GTPase, 34% identity to the T. vivax homologue, and 33% to a Leishmania donovani protein. This contig clearly derives from a trypanosomatid. The additional 10 singletons produce an average 72% identity at the amino acid level to different T. cruzi proteins, except for one contig that produces 92% identity to the ribosomal protein L3 from T. brucei gambiense, and 90% identity to the T. cruzi homologue. All these putative Trypanosoma-derived sequences are clearly from a trypanosomatid, and not from conserved eukaryotic proteins, as can be deduced from the inspection of the blasts against the NR database.
We conclude that the sialotranscriptome herein described shows the diversity of salivary proteins in triatomine bugs, in particular the large differences in sequence identity between T. rubida and T. protracta, two kissing bugs with overlapping geographical distribution, explaining the previous Þnding that sera of people allergic to these bugs are not cross reactive (Marshall et al. 1986 , Pinnas et al. 1986 ). The transcriptome also reveals sequences that are similar, but not identical to T. cruzi, representing 0.1% of the transcripts found in the salivary gland, suggesting the presence of a different T. cruzi strain in T. rubida. The proteins here described provide for a platform for screening human and pet sera immunoreactivity to recombinant T. rubida salivary proteins that can be used for desensitization therapies for T. rubida allergy, as it was attempted for T. protracta (Marshall 1982) , as well as for designing recombinant epidemiological markers of T. rubida exposure, as has been done for T. brasiliensis (Schwarz et al. 2009 ), Anopheles gambiae (Poinsignon et al. 2008) , sand ßies (Souza et al. 2010) , and ticks (Sanders et al. 1998 (Sanders et al. , 1999 .
